Parallel or convergent evolution at the molecular level has been difficult to demonstrate especially when rigorous statistical criteria are applied. We present sequence data from the protease gene from eight patients infected with the human immunodeficiency virus (HIV-1). These patients have been on multiple drug therapies for at least 2 years. We present sequence data from two timepoints: time zero-the initiation of drug therapy-and a subsequent timepoint between 59 and 104 weeks after the initiation of drug therapy. In addition to the sequence data, we present viral load data from both initial and final timepoints. Our phylogenetic analyses indicate significant evolution of virus from initial to final time points, even in three of eight patients who show low viral loads. Of the five patients who escaped drug therapy, identical amino acid replacements were seen in all five patients at two different codon positions, an indication of parallel evolution. We also measured genetic diversity for these patients and found no correlation between genetic diversity and viral load. Finally, we calculated the nonsynonymous and synonymous substitution rates and showed that the ratio of nonsynonymous to synonymous substitution compared to the value of one may be a poor indicator of natural selection.
Introduction
The most successful treatment for acquired immunodeficiency syndrome (AIDS), caused by the human immunodeficiency virus (HIV), has been drug therapies, initially those inhibiting the reverse transcriptase activity of the virus (e.g., AZT). Recent advances in drug therapy have focused on the inhibitors of the protease gene. Indeed, a combination therapy involving both reverse transcriptase and protease inhibitors has proven to be our best ammunition yet in the fight against AIDS (Perelson et al. 1997) . In a recent article, Wain-Hobson (1997) has suggested that these combined drug therapies might even be a cure for HIV infection. The data show that multidrug therapies have the ability to reduce viral load greatly in a short period of time. Perelson et al. (1997) showed that the concentration of HIV-1 in plasma could drop by 99% in the first 2 weeks of treatment. Yet, it is the unaccounted for 1% that is troublesome, because HIV is known to hide out in various tissues, creating latent reservoirs of virus (Chun et al. 1997a; Finzi et al. 1997) . We know HIV can evolve resistance to both reverse transcriptase inhibitors (Kellam and Larder 1995) and protease inhibitors (Borman, Paulous and Clavel 1996; Molla et al. 1996; Zhang et al. 1997) . We also know that resistant genotypes exist in HIV populations in reasonable frequencies even in untreated patients (Kozal et al. 1996; Lech et al. 1996) . Thus, the major question in the drug therapy of HIV is this: if the virus remains in latent reservoirs, is it still evolving, and will it eventually evolve resistance to drug therapy using a combination of drugs? We addressed this question by sequencing DNA from the protease gene from eight patients who were subjected to combination drug therapy. Multiple sequences were obtained from two timepoints for each patient: day 0, the day drug therapy began, and a timepoint at least 59 weeks after initiation of therapy. Our results indicate that while the combination drug therapy reduces viral load to undetectable levels, the virus is still evolving, and the HIV population is acquiring drug-resistant mutations. Furthermore, these resistant mutations accumulate in a parallel fashion, with different patients obtaining identical amino acid replacements in many positions.
Materials and Methods
The Patients and Therapy Plasma samples were obtained from patients infected with HIV-1 who were treated with Indinavir (Vacca et al. 1994 ) (600 mg, four times a day) alone (patients 2, 3, 4, 5, and 6) or in combination with intermittent administration of interleukin-2 (IL-2) by continuous infusion for 5 days every 2 months (patients 1, 7, and 8) (table 1). The protocol was approved by the NIAID Institutional Review Board, and all participants provided written informed consent. The patients had previously received nucleoside analogs. At subsequent times, reverse transcriptase inhibitors were also administered in the continued presence of Indinavir, and patients were allowed to add IL-2 to their treatment regime. Particleassociated plasma HIV-1 RNA levels were determined with the version of the standard branched-DNA signal amplification assay (bDNA assay, Chiron) (Dewar et al. 1994 ), which has a detection limit of 500 copies of HIV-1 RNA per ml. Sequence Data HIV-1 RNA was isolated from 130 l of plasma by using the QIAamp HCV kit (Qiagen Inc). HIV-1 RNA was reverse transcribed to cDNA using a primer (minus strand), 5Ј-TTGTTTTACATCATTAGTGTGGGC-3Ј (nucleotides [nt] 3,626-3,650 of HIV-1 NL4.3) and avian myeloblastosis virus reverse transcriptase (cDNA cycle kit, Invitrogen Corporation). HIV-1 DNA corresponding to the gag (p7/p1/p6), protease, and part of reverse transcriptase was amplified by polymerase chain reaction (PCR) with a mixture of Klentaq1 (Ab Peptides, Inc.) and pfu (Stratagene) by using the following primer pair: forward primer (nt 1,882-1,905) 5Ј-GAAGCAAT-GAGCCAAGTAACAAAT-3Ј and reverse primer (nt 3,544-3,567) 5Ј-GATATGTCCATTGGCCTTGCCCCT-3Ј. Nested PCR was carried out with the following primer pair: forward primer (nt 1,966-1,988) 5Ј-TTCA-ATTGTGGCAAAGAAGGGCAC-3Ј and reverse primer (nt 3,501-3,524) 5Ј-TAAGTCTTTTGATGGGTCA-TAATA-3Ј. The PCR product was purified by using the QIAquick spin PCR purification kit (Qiagen Inc.). The nucleotide numbering is based on that of HIVNL4.3. The purified PCR products were ligated using the pCRII vector (Invitrogen Corporation). Dye-deoxy-labeled sequencing reactions were performed using the ABI PRISM Dye Terminator Cycle Sequencing Kit with AmpliTaq DNA Polymerase, FS (Perkin Elmer). The reaction products were resolved by electrophoresis on a 4.75% polyacrylamide gel and analyzed with an Applied Biosystems 377 automated sequencing system.
Phylogeny Reconstruction
Phylogenetic relationships among all sequences were estimated using the neighbor-joining method (Saitou and Nei 1987) . We determined the appropriate model of evolution by using a maximum likelihood ratio test to test alternative models (Huelsenbeck and Crandall 1997) . These tests were implemented using the program Modeltest (Posada and Crandall 1998) . We also included sequences from known laboratory strains of HIV to guard against contamination and mislabeling problems (Korber et al. 1995) . Relative support for various clades was estimated using 1,000 replications of the bootstrap procedure (Felsenstein 1985) , coupled with the neighbor-joining method and optimized model of evolution. The phylogeny estimation, model testing, and bootstrap procedures were performed using PAUP* (Swofford 1998) .
Resolution for relationships among sequences within a patient was low, as evaluated by the bootstrap procedure. Therefore, an alternative phylogeny estimation procedure, statistical parsimony, was used to reconstruct relationships among sequences from a single patient (Templeton, Crandall, and Sing 1992) . This method has a demonstrated superiority to traditional phylogeny reconstruction techniques when levels of divergence are low among sequences (Crandall 1994 (Crandall , 1996 , as they are in HIV sequences from within a single patient. Using this procedure, relationships were established within the 95% confidence limits set by equation (8) of Templeton, Crandall, and Sing (1992) . This procedure has the added advantage of checking for recombination and displaying explicitly the changes along the branches that connect different sequences. Therefore, numbers of inferred synonymous and nonsynonymous substitutions were counted directly from these reconstructions and compared to those calculated below.
Genetic Diversity
A characteristic feature of HIV is extensive genetic variation. The importance of genetic variation for the pathogenesis of AIDS is still poorly understood, as is the relationship between genetic variation and disease progression (but see Strunnikova et al. 1995) . The importance of HIV genetic variation in the presence of protease-inhibiting drugs is also poorly understood. This study explored this association by measuring genetic diversity at two time points from eight patients.
Genetic diversity can be measured in a number of different ways. We have used two very different methods to estimate relative levels of genetic diversity both within and among patients. The first method, borrowed from conservation biology, estimates the likelihood that two sequences are different in allelic state and incorporates this likelihood into a genetic diversity index (Crozier 1992) . The calculations are based on the measured branch lengths of the phylogeny as an uncorrected percent divergence (Crozier and Kusmierski 1994) . Branch lengths were estimated using PAUP* (Swofford 1998) and then entered into the program CONSERVE (Agapow 1997) to calculate genetic diversity indices. A 95% confidence interval was calculated for each genetic diversity estimate by analyzing 100 bootstrap trees generated by PAUP*.
Our second approach to estimating genetic diversity was use of a phylogenetic estimate of theta, ϭ 2N ei , where N ei is the inbreeding effective population size, and is the per nucleotide mutation rate (Kuhner, Yamato, and Felsenstein 1995) . The computer program COALESCE provides a maximum likelihood estimate of via a Metropolis-Hastings Markov Chain Monte Carlo method. This approach calculates the likelihood of the observed data, given a value of by sampling genealogies based on a coalescent distribution (Kuhner, Yamato, and Felsenstein 1995) . This phylogenetic approach to the estimation of genetic diversity has been shown to be superior to nonphylogenetic-based methods (Felsenstein 1992) . This method does not assume a correct phylogeny but rather samples multiple plausible ge- -Midpoint rooted neighbor-joining tree of sequences from the protease gene of HIV-1 collected from eight host individuals. The phylogeny was estimated using the HKY85ϩ⌫ model of evolution. Branch lengths are shown proportional to the amount of change along the branches; bootstrap percentages (based on 1,000 replications) are given for nodes defining major groups of sequences. Shaded symbols represent a timepoint greater than 59 weeks after treatment, while white symbols indicate samples at the initiation of drug therapy. Symbols: ⅷ ϭ patient 1; ࡗ ϭ patient 2; ϭ patient 3; 3 ϭ patient 4; ᭡ ϭ patient 5; ૽ ϭ patient 6; " ϭ patient 7; Ⅵ ϭ patient 8. X ⅜ nealogies as defined by their likelihood score. The method does assume constant population size, no recombination, no selection, and no migration. A 95% confidence limit was obtained for each estimate by interpolating the value corresponding to a log-likelihood difference of two using Mathematica (Wolfram 1991) . Theta estimates were obtained for each individual patient, but not for the two timepoints for each patient, due to small sample sizes within timepoints relative to this estimation procedure.
Nucleotide Substitutions
In molecular evolutionary studies, it is valuable to partition nucleotide substitutions into two classes: synonymous substitutions, those causing no change in the amino acid, and nonsynonymous substitutions, those resulting in an amino acid replacement. Strictly random evolution would result in a 3:1 ratio of nonsynonymous to synonymous substitutions. However, the majority of nonsynonymous substitutions are typically eliminated by purifying selection, the result being a predominance of synonymous substitutions (Miyata and Yasunaga 1980) . When positive Darwinian selection occurs, then the nonsynonymous rate of substitution accelerates (Hughes and Nei 1988; Messier and Stewart 1997) . Thus, the relative rates of synonymous to nonsynonymous substitutions can be good indicators of the amount and types of selection affecting a gene (Sharp 1997) . We estimated the number of synonymous substitutions per synonymous site ( ) and the number of nonsynond S ymous substitutions per nonsynonymous site (d N ), using the method of Nei and Gojobori (1986) , with the JukesCantor correction. The estimates were performed using the computer program MEGA (Kumar, Tamura, and Nei 1993) .
Results and Discussion
Sequence Data A minimum of nine early timepoint clones per patient and seven late timepoint clones per patient were sequenced for each patient. For most patients we sequenced 10 or more clones at each timepoint, for a total of 157 sequences of length 297 nt. These sequences have been deposited in GenBank under the following accession numbers: patient 1, AF101320-AF101339; patient 2, AF101340-AF101360; patient 3, AF024721-AF024730 and AF024802-AF024809; patient 4, AF024810-AF024818 and AF024873-AF024880; patient 5, AF024881-AF024890 and AF024937-AF024946; patient 6, AF024947-AF024956 and AF025063-AF025074; patient 7, AF025075-AF025085 and AF025147-AF025155; patient 8, AF025156-AF025164 and AF025276, AF025278-AF025287.
Among Patient Diversity
Comparing likelihood scores for the various models of evolution, we reject the null hypotheses of equal base frequencies, transition rate equals transversion rate (ti ϭ tv), and rate homogeneity (table 2). Our analysis failed to reject the null hypothesis of equal transition rates and equal transversion rates and the null hypothesis of no invariable sites. We concluded that the HKY85ϩ⌫ model incorporating nucleotide frequency differences, ti/tv bias, and rate heterogeneity was the most appropriate for these data (table 2). The nucleotide frequencies averaged across sequences were A ϭ 0.36547, C ϭ 0.16246, G ϭ 0.22699, and T ϭ 0.24508. The ti/tv ratio was estimated by maximum likelihood to be 2.522028 with a kappa ϭ 4.986982. The shape parameter of the gamma distribution for incorporating rate heterogeneity was estimated by maximum likelihood to be 0.421139. The number represents the nucleotide position along the protease gene. BM stands for back mutation; MH indicates inferred multiple hits. The parallel changes are indicated in bold. Patient 7 has two sequences that appear to be recombinants under the criteria of Templeton, Crandall, and Sing (1992) and were therefore not connected to the main network.
Using this model of evolution, the neighbor-joining tree for the entire data set shows that sequences cluster predominantly by host individual (with the exception of patient 3 where the early timepoint sequences do not cluster strongly; fig. 1 ). Furthermore, no sequences clustered strongly (bootstrap values Ͼ 50) with known laboratory strains of HIV subtype B, an indication of no evidence for contamination. Even for those patients with undetectable levels of plasma virus (patients 1-3), it is clear that virus detectable via PCR is still evolving. In every case, the later timepoint sample diverged significantly from the initial sample in each patient. Indeed, with the exception of patient 4 (bootstrap ϭ 59), all the later timepoints are supported by bootstrap values in the high 80s or higher.
It is of interest to note that the posttreatment isolates do not always arise from the pretreatment isolates. The expected pattern is shown in patient 2, where a monophyletic cluster of posttreatment timepoints arises from the pretreatment timepoints to form a paraphyletic group of samples from a single host individual. However, in patients 1, 4, 7, and 8 the posttreatment isolates are sister and basal to the pretreatment isolates. There are a number of potential explanations for this phenomenon. The biological explanation is that as virus is being eliminated by drug therapy, populations are being restocked by viral reservoirs. These reservoirs presumably are initially stocked at the stage of initial infection. Thus, one would expect these lineages to fall basal to those that have experienced many generations of evolution.
There are, of course, a number of methodological explanations. First, the tree may be wrong due to an incorrect model of evolution or violations of other assumptions of phylogenetic methods (e.g., independent sites). For example, patient 7 appears to have two sequences that may be the result of recombination (see fig.  2g ). Standard phylogenetic techniques assume that no recombination has occurred among the sequences and therefore may give spurious relationships when this assumption is violated (Crandall and Templeton 1999) . However, eliminating these two sequences from the analysis does not alter the general phenomenon. Second, the tree may be correct but the sampling may be poor; i.e., the initial pretreatment sample did not accurately reflect the entire diversity in the population, and by chance at a latter timepoint, one samples from a different part of the distribution of diversity. This explanation loses credence, for example, in patient 1, where the separation between timepoints is supported by bootstrap values of 99% and 76%. If the distribution of lineages was merely a sampling artifact, one would expect much less support for these nodes. Finally, the posttreatment clade may be driven to a sister and basal position due to a greater abundance of synapomorphic characters associated with drug resistance. However, when one reconstructs the tree based on just 3rd position changes (thereby eliminating parallel changes associated with drug resistance), this phenomenon is still observed (data not shown). One might argue that the placement is simply a rooting artifact, but no matter how one roots the tree, some patients will always show this phenomenon of later timepoints falling basal to earlier timepoints. Thus, the biological argument seems to hold the most weight.
Within Patient Diversity
Diversity of HIV from within a patient, while less than among patients, was still significant. Relationships among sequences from within each patient showed clear partitioning of the early and late timepoint samples ( fig.  2a-h ). Early and late timepoint samples were separated by a minimum of 5 nt substitutions (patients 1, 2, 4, 5, and 7) and a maximum of 12 changes (patient 8), even for those patients with viral load levels Ͻ500 copies/ml (patients 1 and 2). There was no correlation between initial viral load and initial genetic diversity ( ϭ 0.408; tables 1 and 3). Likewise, there was no correlation between final viral loads and final genetic diversity, an indication that viral load is a poor indicator of underlying genetic diversity. Because genetic diversity is defined as ϭ 2N ei , this lack of correlation also implies, assuming a constant mutation rate, that viral load does not correlate with the inbreeding effective population size. Overall genetic diversity measured by Crozier's (1992) method or Kuhner et al.'s (1995) method does not correlate with initial viral load ( ϭ 0.313 and ϭ GTC  GCC  TGC  GCC  GTC  GCC  GTC  GCC   TTG  ATG  TTG  ATG  TTG  ATG  TTG  ATG 0.243, respectively). These two measures of genetic diversity, however, do correlate strongly with each other ( ϭ 0.985; table 3), an indication that they are measuring similar properties of the sequence albeit in very different ways.
Nonsynonymous and Synonymous Substitutions
Nonsynonymous and synonymous substitution rates were measured at initial timepoints and end timepoints, and averaged across all sequences (table 4). In addition, the raw numbers of inferred nonsynonymous and synonymous substitutions were tabulated from the cladograms in figure 2 (table 4) . For all patients except patient 3, the synonymous substitution rate decreased at the later timepoint from the earlier timepoint. The nonsynonymous substitution rate, on the other hand, decreased in the three patients with undetectable levels of virus (patients 1-3) and patient 7, whereas, this rate increased in the other patients. The synonymous substitution rate is always significantly higher (P Ͻ 0.0005, Student's t) than the nonsynonymous substitution rate at time zero. However, at the terminal timepoint, two patients (5 and 8) show significantly higher nonsynonymous substitution rates (P Ͻ 0.0005, Student's t), while the remaining patients show less discrepancy between the synonymous and nonsynonymous rates.
A common convention for detecting the action of positive selection is the calculation of the ratio of nonsynonymous to synonymous substitutions, a ratio greater than one indicating strong positive selection (Messier and Stewart 1997) . In only two patients examined do we find overall ratios greater than one (patients 5 and 6; table 4). Likewise, the ratio at the later timepoint shows only two patients with a ratio greater than one (patients 5 and 8). However, all patients except 3 and 7 show an increase in this ratio from early timepoint to later timepoint. Sharp (1997) has argued that adaptive changes are very hard to find using this ratio, particularly with the ratio greater than one cutoff. This point is demonstrated here. Clearly these sequences are under positive Darwinian selection as is evident by the parallel changes shown below (table 5) . However, the magic ratio of 1:1 is reached in only two of the five patients who have escaped drug therapy. Even in those patients with continued low viral loads (Ͻ500 copies/ml), we see a significant shift in the ratio of nonsynonymous to synonymous substitutions in favor of nonsynonymous substitutions. Therefore, Sharp's (1997) prediction that these ''ratios may often be less than one even if some adaptive substitutions have occurred'' is born out in these data. Furthermore, calculating the raw numbers of nonsynonymous and synonymous substitutions directly from the inferred cladogram seemed to give a better indication of the selection pressures experienced by these viruses. For every individual with viral loads greater than 500 copies/ml, the nonsynonymous to synonymous substitution ratio (in raw numbers not in rates) was greater than one. Thus, these raw calculations appear to be better indicators of recent positive selection than the rate estimates, compared to the yardstick of a ratio being greater than or less than one.
Here we have used the Nei and Gojobori method of estimating synonymous and nonsynonymous substitution rates. Maximum likelihood approaches provide enhanced methods for estimating these rates (Goldman and Yang 1994; Muse 1996; Nielsen and Yang 1998; Yang 1998 ). However, these alternative methods are difficult to implement and therefore are not widely used. We chose to use the Nei and Gojobori method for demonstrative purposes and will explore these other estimation procedures in the future.
There are at least two reasons why the method of Nei and Gojobori could give spurious results. First, as a pairwise method, it counts events on internal branches multiple times. Consider the four taxon statement given in figure 3 . The changes on the internal branch are counted multiple times and therefore give an average pairwise estimate of 3:2 nonsynonymous to synonymous. But the actual ratio is 4:2. This underestimate is due to the positioning of the synonymous substitutions on the internal branch and these changes being counted multiple times via pairwise comparisons. Second, while the Nei and Gojobori method corrects for multiple hits, it does not correct for nucleotide frequency differences, transition/transversion bias, or codon frequency bias that have been shown to have a significant effect on the estimation of substitution rates (Muse 1996; Nielsen and Yang 1998) . Therefore methods that take into account these biases and do not depend on pairwise comparisons, such as the maximum likelihood methods (Muse and Gaut 1994; Goldman and Yang 1994) , are expected to give more reliable results. Perhaps the selection is proportionally on a few sites, such that even if the nonsynonymous rate is estimated correctly, it will still be swamped by synonymous changes at other positions, which is why the magic ratio of 1:1 should not be the ultimate goal for detecting selection.
Parallel Evolution of Drug-Resistant Mutations
Convergent evolution implies adaptive change, by natural selection, resulting in lesser-related entities appearing more related than they are (Doolittle 1994) . Parallel changes are those resulting from a common ancestral character state but in independent lineages, whereas, convergent changes are those evolving from different ancestral states. Doolittle (1994) characterized a number of different types of convergent evolution, including sequence convergence. Of sequence convergence, he concluded, ''a convincing case for genuine sequence convergence has yet to be made.'' Indeed, convergent evolution at the nucleotide sequence level seems to be so rare, one cannot find a reference to the phenomenon in the index of Li's (1997) Molecular Evolution (the ideas of convergent and parallel evolution are illustrated on p. 69, but without empirical examples). Doolittle presented a purported case of convergent evolution in HIV sequences from the envelope protein. Holmes et al. (1992) argued for convergent evolution based on the crown motif of the V3 region evolving to a GPGSAV motif along two independent lineages from a single patient, one from GPGRAV and the other from GPGSAF. Doolittle (1994) argued that the sample size was too small to conclude convergent evolution.
In our case, in sampling multiple independent individuals, we have identified identical changes occurring in each individual (table 5) . We can categorize these changes unambiguously as parallel because we know them to have identical starting sequences. We have summarized the changes at five codon positions known to influence drug resistance (for more details, see Zhang et al. 1997) . For example, in codon position 90, five of the five individuals showing increased levels of viral load have evolved a Leu (TTG) to Met (ATG) amino acid replacement. Using a simple binomial distribution with a p 0 ϭ 0.111 (i.e., given a change has occurred in the TTG sequence, there is a probability of 1/9 changing to a Met as to any other possible amino acid or one stop codon option [TAG] . Therefore we show multiple examples of statistically significant parallel evolution at the nucleotide level. The body of evidence demonstrating that convergent/parallel changes play an important evolutionary role is growing from both natural populations (e.g., bacterial drug resistance [Weisblum 1995 ] and viral drug resistance [Molla et al. 1996] ) and experimental systems Cunningham et al. 1997) .
We chose to examine these five amino acid positions because they were the only five that appeared in five or more of the patients. Eleven positions are known to be associated with Indinavir resistance; 10 (nt 28-30), 20 (nt 58-60), 24 (nt 70-72), 32 (nt 94-96), 46 (nt 136-138), 54 (nt 160-162), 63 (nt 187-189), 71 (nt 211-213), 82 (nt 244-246), 84 (nt 250-252), and 90 (nt 268-270) (Schinazi, Larder, and Mellors 1997) . All five of our observed parallel replacements fall within this list. There are many other amino acid replacements along the branches that separate timepoints in these patients. Many of the other known replacements are observed; e.g., in patient 3 ( fig. 2c) we see replacements at both amino acid 24 (nt 70) and 46 (nt 136). However, in many individuals, novel amino acid replacements are also observed, e.g., in patient 3 amino acid position 62 (nt 184). Wong et al. (1997) and Finzi et al. (1997) have argued that while multidrug therapy has failed to stop replication of virus in latent reservoirs, viral evolution has stopped. Our results clearly show this not to be the case in these patients. In all the patients, viral load was reduced to Ͻ500 copies/ml (Zhang et al. 1997) , and five of the eight escaped drug therapy via the evolution of drug resistance variants. Wong et al. (1997) defined evolution as the accumulation of drug-resistant amino acid replacements. To an evolutionary audience, this is indeed an unusual definition of evolution, typically defined as a change in gene frequencies at the population genetic level. Their study sampled too few clones per individual (two clones/individual; one early and one late) to get an estimate of frequency changes over time (Wong et al. 1997) . Our samples of 10 clones per timepoint per individual are small, but they do show a clear difference in the frequency of drug resistance amino acid replacements at five codon positions. Thus evolution has occurred, implying active replication even when viral load is Ͻ500 copies/ml. Other recent studies have similar evidence of continued evolution even when viral loads are Ͻ50 copies/ml (Chun et al. 1997b; Imamichi et al., unpublished data) . This suggests that either extremely small populations (undetectable with current assays) of virus are actively replicating, or latent reservoirs of virus are being activated and then are replicating and evolving. If latent reservoirs are being activated, the critical question then becomes: Are these reservoirs being replenished by this active replication or depleted with continual drug therapy? If they are being depleted, then patients could eventually cease drug treatment; if not, drug therapy will be a continual course of treatment. Discussions of discontinuing drug therapy and a cure for HIV (Wain-Hobson 1997) are at this point premature.
